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Introduction
The majority of the early nonlinear optical (NLO) materials were based on inorganic crystals but in the last three decades the focus has shifted toward organic compounds due to their promising potential applications in optical signal processing [1, 2] . Some of the advantages offered by the organic materials are the high values of electronic susceptibility [3, 4] , fast response times and much greater versatility in molecular design, compared with their inorganic counterparts. However, purely organic compounds lack mechanical strength for practical uses and it is difficult to grow single crystals of sufficient quality. For this reason the crystal engineering strategy of combining organic and inorganic moieties was proposed with the objective of building more cohesive crystalline structures [5] . Several examples of hybrid organic-inorganic crystals have emerged as good candidates for NLO materials [6, 7, 8, 9] . These systems exhibit high nonlinear optical efficiency in the visible region and good thermal and mechanical stability compared with those of purely organic crystals. Besides these advantages, it was demonstrated by Evans et al. [10] that the proton transfer occurring in acid/base reactions, often used to synthesize these hybrid materials, can enhance the hyperpolarizabilities of the chromophores.
Salts of quinoline [11] and quinoline derivatives [12] have shown interesting NLO properties and that prompted our interest in probing salts of 6-aminoquinoline. We present here the crystal structure and the results of spectroscopic and nonlinear optical measurements for a a novel semi-organic compound, 6-aminoquinolinium iodide monohydrate. In this study, the second and third order nonlinear susceptibilities, χ (2) and χ (3) , respectively, are calculated with the oriented gas model.
Knowing the crystal structure of a compound, its macroscopic nonlinear optical properties can be estimated by assuming the additivity of the molecular hyperpolarizabilities, according to the oriented gas model, first employed by Chemla et al. [13] . In this model, the macroscopic crystal susceptibilities are obtained by performing a tensor sum of the microscopic hyperpolarizabilities of the unit cell and the effects of the surrounding medium are described by appropriate local field factors.
In the present work, the nonlinear optical properties of the microscopic units are calculated with density functional theory (DFT), using several functionals, and with the second-order Møller-Plesset perturbation method (MP2). The DFT methods are less computationally demanding than MP2 and present a compromise between computational cost and accuracy of the results however, it is well-known that DFT overestimates NLO properties [14, 15, 16] . One way of correcting this problem is the use of functionals with a high percentage of HF-exchange [14, 16, 17] . For the macroscopic properties we use two different local field corrections: the anisotropic LorenzLorentz spherical cavity local field factors and the local field factors deduced by Wortmann and Bishop (W-B) [18] from an extension of the Onsager's reaction field model [19] . However, it must be pointed out that the intermolecular interactions in crystals, overlooked by the gas oriented model, may have an enhancing or diminishing effect on hyperpolarizability [20, 21] , so as an alternative to the calculations with the local field corrections, we have also calculated the molecular hyperpolarizabilities using ElectroStatic Potential (ESP) charges to describe the medium around the asymmetric unit. Very recently, it was developed one method, the finite field Berry phase approach [22] , that makes the approximations underlying the oriented gas model unnecessary and allows one to predict nonlinear susceptibilities directly.
In this work, the performance of the calculation methods is assessed by comparing the calculated values of the susceptibilities with the experimental ones.
The paper is organized as follows: in section two we describe the experimental methods used in this work. Section three comprises the theoretical methodologies implemented. In section four the results (crystal structure and optical properties) are discussed and the conclusions are presented in section five.
Experimental Section

Synthesis and Sample Preparation
Hydroiodic acid (Fluka, 55−58%, 1mmol) was added to 6-aminoquinoline (TCI, > 97%, 1mmol) in a water solution (150 mL). The solution was stirred for 30 min at 40
• C and left to evaporate under ambient conditions. After approximately 1 month, yellow and transparent single crystals with thin plate habit were deposited.
We prepared thin films for the SHG and THG measurements depositing small drops of a 5 mM water solution of the title compound on top of glass (Chevallier S.A. glasses) and letting the solution evaporate slowly in a heating plate at 70
• C. The thickness of the films used in the Maker fringes measurements was 800 nm approximately .
Single Crystal X-ray Diffraction
The diffraction measurements for 6-aminoquinolinium iodide monohydrate were carried out with a single crystal on a Bruker APEX II diffractometer using Mo Kα radiation [23] . Data reduction was performed with SMART and SAINT software [23] . Lorenz and polarization corrections were applied. A multi-scan absorption correction was applied using SADABS [24] . The structure was solved by direct methods using SHELXS-97 program [25] , and refined on F 2 s by full-matrix least-squares with SHELXL-97 program [25] . The anisotropic displacement parameters for non-hydrogen atoms were applied. The hydrogen atoms were placed at calculated positions and refined with isotropic parameters as riding atoms, except the hydrogen atoms of the water molecule that were located in a difference Fourier synthesis at an intermediate stage of the refinement and then allowed to refine as riding atoms. The crystal data and details concerning data collection and structure refinement are given in Table 1 .
UV-vis Absorption and Fluorescence Spectra
Absorption spectra were recorded in a Jasco V-530 double-beam UV/Vis spectrophotometer in quartz cells with 1 cm path length using ultra-pure water as solvent and reference. Steady-state fluorescence studies were carried out using a Jobin-Yvon SPEX Fluorolog 3-22 spectrometer. Fluorescence spectrum was taken with excitation at 377 nm and was automatically corrected for the wavelength response of the system.
Nonlinear Optical Techniques 2.4.1. Z-Scan
The nonlinear absorption of the title compound was investigated with "open-aperture" Z-scan measurements employing 532 nm, 35 ps laser pulses, following the procedure described elsewhere [26, 27] . Briefly, in the Z-scan technique, the transmittance of a sample is measured as it moves along the propagation direction of a focused Gaussian laser beam, therefore experiencing different intensity at each position. By fitting the experimental data according to equations which can be found in the literature [26, 27] , the nonlinear absorption parameter, β, the Im χ (3) and Im γ values can be obtained. Before the measurements, we performed a calibration of the nonlinear absorption setup using samples of C60 fullerene, which is a well known optical limiter. Then, "open-aperture" Z-scan measurements have been done for several concentrations of the title compound and for various incident laser intensities.
SHG and THG Measurements
The second and third order nonlinear optical responses of thin films were studied with the SHG and THG Maker fringes experimental techniques in transmission, using a 30 ps diode pumped passively mode-locked Nd:YVO 4 laser, with a repetition rate of 10 Hz. The intensity and the polarization of the fundamental beam (1064 nm) exciting the sample were precisely adjusted by a half wave plate and a polarizer. The intensity at the input face of the sample was assumed to have a Gaussian temporal and spatial profile. The laser beam was focused by a lens (f = 250 mm) on the sample, which had been positioned near the focal plane. The films were mounted on a motorized rotational stage allowing the variation of the incident angle with a resolution of 0.5
• around the normal of the incident beam. After passing through a KG3 filter, which cut out the fundamental beam, and interference filters (532 nm for SHG and 355 nm for THG) to preserve only the SHG/THG signal, the latter was detected with a photomultiplier (PMT), which was connected with a boxcar averager and a computer. Neutral density (ND) filters have been always positioned before the PMT to avoid saturation. The so-called Maker fringes [28] were finally obtained by rotating the sample in the range ±60
• to the normal. Maker fringes measurements have been done for both s and p polarizations.
The data analysis of the second order susceptibilities was performed by comparison with the SHG intensity of a standard 0.5 mm thick Y-cut quartz crystal plate. The simplified model of Lee et al. was used [29] 
where χ (2) and χ (2) q denote the second-order nonlinear susceptibilities of the studied material and quartz, respectively, I
2ω and I 2ω q are the second har-monic intensities of the material studied and quartz, respectively, d is the film thickness and l c,q is the coherence length of quartz (20.5 µm [30] ).
For THG data analysis we used the model of Kubodera and Kobayashi [31] . This model compares directly the maximal amplitudes of third harmonic light intensity of the studied material with those of a 1 mm silica slab as reference. For a weak absorption, the relation used to determine the magnitude of χ (3) is given by
where d is the sample thickness, I 3ω and I
3ω
S are the THG intensities of the material studied and silica (
[substrate] ), respectively, and the coherence length of silica is given by
3. Computational Methods
Calculation of Microscopic Optical Properties
The calculations of the microscopic optical properties were performed with the GAMESS US package [32] .
The linear polarizability (α), first hyperpolarizability (β) and second hyperpolarizability (γ) tensor components, used in the oriented gas model to calculate the macroscopic nonlinear optical properties, were computed within DFT and with the MP2 method.
The DFT calculations were performed with the the GGA functional BLYP [33, 34] , the correlation-corrected functionals, LYP [34] and PW91C [35] (HartreeFock (HF) exchange; GGA correlation), the hybrid functionals B3LYP [36] , X3LYP [37] and BHHLYP [38] and with the long-range corrected version of the BLYP functional (LC-BLYP), where the amount of HF exchange increases continuously as a function of electron-electron separation distance [39] . We used the 6-311G** basis set for iodine, and 6-311++G** for the lighter atoms. The basis sets were obtained from the EMSL Basis Set Exchange Library [40, 41] . The tensors α, β and γ were evaluated by finite field (FF) differentiation using an electric field step, f = 0.001 a.u..
The microscopic unit considered was the asymmetric unit, consisting of a cation-anion pair plus a water molecule with their relative positions and geometries as in the crystal (since the optimized structure of this molecular cluster was very different from that obtained with the X-ray diffraction study, as the structure optimization performed in vacuum does not take in consideration the crystalline environment). The optical properties of the molecule 6-aminoquinoline, as well as those of the 6-aminoquinolinium cation, were also computed. The geometries of the molecule and of the cation were optimized with X3LYP/6-311G** calculations. The initial geometry of the neutral molecule, prior to the geometry optimization, was obtained by removing the proton bonded to the quinoline N atom. These optical properties have been evaluated in the gas phase.
As an alternative to the use of the local field corrections, we described the polarizing effects of the crystalline environment using electrostatic potential (ESP)-derived charges placed in atomic positions of the neighbors of the asymmetric unit. The ESP charges were calculated with the module CHELPG of the ORCA electronic structure package version 2.9.1 [42] . The program CHELPG calculates the atomic charges according to the CHELPG method (CHarges from Electrostatic Potentials using a Grid based method) developed by Breneman and Wiberg [43] . The calculation of the ESP charges was performed at the Hartree-Fock level with the 6-311G** basis set for iodine, and 6-311++G** for the lighter atoms. The microscopic optical properties where then calculated for the asymmetric unit surrounded by ESP charges of the atoms within a range of 11Å, totalling 750 charges (only complete molecular fragments were included). The atomic positions of the ESP charges were selected with the UCSF Chimera software package version 1.8 [44] .
Calculation of Macroscopic Optical Properties
In most organic molecular crystals one can assume that the intermolecular interactions are much weaker than the intramolecular chemical bonds. In this situation, the oriented gas model [13] can be used to relate the macroscopic susceptibilities with the molecular hyperpolarizabilities. In this model, the molecular hyperpolarizabilities are assumed to be additive and the crystalline susceptibilities are obtained by performing a tensor sum of the microscopic hyperpolarizabilities of the molecules that constitute the unit cell. The susceptibility components depend on the crystal symmetry, the precise orientation of the molecule with respect to the crystal axes and the conformation of the molecule. For the second order susceptibility the following expression applies:
where I, J, K are the crystal axes, N g is the number of equivalent positions in the unit cell of volume V that has N molecules, f I (ω) are local field factors appropriate for the crystal axis I, and the cosine product terms represent the rotation from the molecular reference frame onto the crystal frame. The equivalent positions are labeled by the index s. The local field factors, are essentially a correction for the difference between an applied field that would be felt by the molecule in vacuum and the local field inside the material. A generalization of this expression applies for the relation between the thirdorder optical susceptibility χ
IJKL (−ω; ω 1 , ω 2 , ω 3 ) and the molecular thirdorder polarizability, γ ijkl (−ω; ω 1 , ω 2 , ω 3 ), with one more local field factor for the frequency ω 3 , f L (ω 3 ). In most of the studies published so far, the oriented gas model is used with the Lorenz-Lorentz (L-L) local field correction [45] but there is evidence that the L-L local field factors may introduce errors of 50 % or more [46] . Wortmann and Bishop (W-B) [18] deduced new local field factors using an extension of the Onsager's reaction field model. These local field factors (W-B) had been used to estimate second- [47, 48] and third-order [49] macroscopic nonlinear optical properties, yielding better results than the L-L local field correction.
In this study, we calculated the second-and third-order macroscopic nonlinear optical properties of (I), using the oriented gas model with the LorentzLorentz (L-L) [45] and the Wortmann and Bishop (W-B) [18] local field factors, using the values of the molecular optical properties obtained in the ab initio calculations.
The third-order susceptibility was also calculated by the summation of the third-order polarizabilities obtained in the calculations with the ESP charges describing the crystalline environment. In this kind of calculation the local field factors are set to 1 since we are summing effective third-order polarizabilities. 
Results and Discussion
Crystal Structure
The crystal structure of the title compound, (I) (Fig. 1) , belongs to the orthorhombic system with the noncentrossymmetric and chiral space group P 2 1 2 1 2 1 . The asymmetric unit of (I) consists of one 6-aminoquinolinium cation with an iodide counter-ion and a water molecule. The cation is essentially planar with the ring atoms and the amino group having a RMS deviation of 0.0118Å. The geometry of the quinolinium fragment is similar to that found in other aminoquinolinium salt structures [51, 52, 53] There are five conventional hydrogen bonds in this structure (see Table  2 and Fig. 2) . The graph-set descriptors [55, 56] for basic first-and secondlevel sets, involving these hydrogen bonds, are presented in Table 3 . It is evident the preponderance of finite graphs and this is consistent with the substantial involvement of the iodide ion and the water molecule, neither possessing special symmetry, in the hydrogen bonding. At the second level, we find two chains with descriptor C 1 2 (4). One is a zigzag chain along the b axis, with the cations linked to the anions via the amino group (hydrogen bonds labeled b and c in Table 2 ). The other is an helical chain propagating along the a axis, with the water molecules linked to the anions (hydrogen bonds labeled d and e in Table 2 ).
The crystal structure is also stabilized by π-π interactions between neighboring cations with antiparallel orientation, forming stacks along [100]. There are two different π-π interactions between pyridine and benzene rings with ring centroid separations of 3.696(2) and 3.726(2)Å. There is also one π-π interaction between adjacent benzene rings, with a distance between ring centroids of 3.715(2)Å.
Supplementary data have been deposited at the Cambridge Crystallographic Data Centre (CCDC No. 871464). This data can be obtained free of charge upon request from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Absorption and Fluorescence Spectra
UV-visible absorption spectra of the title compound were recorded in the range 190-750 nm, in water solutions with concentrations ranging from 1.3 × 10 −5 to 2.5×10 −4 mol/L. The normalized UV-visible absorption spectrum for c = 3.1 × 10 −5 mol/L is shown in Fig. 3 . The spectrum has 3 intense bands Table 2 : Hydrogen-bonding geometry (Å, • ) of (I). iii : x + 1/2, −y + 3/2, −z + 1; iv : x + 1, y, z; v : x + 1/2, −y + 3/2, −z. Table 3 : Basic first-and second-level graph-set descriptors involving the hydrogen bonds of Table 2 .
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with maxima at 198, 222 and 256 nm and a broader band with λ max =377 nm. The cutoff wavelength is around 460 nm. The spectrum of the unsubstituted quinolinium cation consists of two main features, an intense band centered at 240 nm involving π − π * transitions and a low-intensity feature centered at 320 nm, presumably involving n − π * excitations, however in a study of derivatives of quinolinium iodide it was shown that the presence of strong electron donor or acceptor groups cause a splitting of the intense shorter wavelength band and a broadening of the low-intensity feature at longer wavelength [12] . In the present case, the amino substituent acts as a strong electron donor and may be responsible for the band splitting. The molar extinction coefficients ε (see Table 4 ) were calculated from the Beer-Lambert law using solutions with concentrations in the range 1.
mol/L. We found no evidence for aggregation at these concentrations, as we obtained good linear plots (r ≥ 0.998) passing through the origin. As we can see, the sample has some absorption at 355 nm. The value is small but can still have some effect on the THG response. In the calculations of the third-order susceptibility, presented in this study, we did not take this effect into account and we assumed it to be low. 3 )
The steady-state fluorescence emission spectrum (see Fig. 4 ), taken with excitation at 377 nm, presents one maximum at 558 nm. The spectroscopic singlet-state energy (E S =2.6 eV) was obtained from the intersection of the normalized absorption and fluorescence spectra. The observed emission spectrum shows good mirror symmetry with the lowest-energy absorption band.
Nonlinear Optical Properties 4.3.1. Z-Scan
The nonlinear absorption of the title compound was investigated with "open-aperture" Z-scan measurements performed for water solutions with concentrations ranging from 0.5 to 2 mM. Within experimental accuracy, no two-photon absorption was observed for all concentrations studied.
SHG and THG Measurements
The effective second-and third-order nonlinear optical susceptibilities, χ (2) and χ (3) respectively, were measured with the Maker fringes technique. The absolute value of χ (2) was evaluated by comparing the SHG signal with that from quartz (0.6 pm/V) [57] . The SHG results were very weak: (1.04 ± 0.06) × 10 −3 pm/V for the s-s polarization and (1.44 ± 0.41) × 10 −3 pm/V for the p-p polarization.
For the evaluation of the absolute value of χ (3) , the reference material used was fused silica (2 × 10 −22 m 2 /V 2 ) [58] . The value of third-order NLO susceptibility χ (3) for (I) at λ=1064nm has been estimated to be (4.51 ± 0.96) × 10 −21 m 2 /V 2 , for the s-s polarization, and (4.94 ± 0.60) × 10 −21 m 2 /V 2 , for the p-p polarization.
We present in Fig. 5 an example of characteristic experimental curves for a THG Maker fringes measurement with thin film of compound (I). The irregularity of the Maker fringes signal is due to the inhomogeneity of the thin film of compound (I).
Calculated Microscopic NLO properties
The α ij , β ijk and γ ijkl tensor components were calculated according to the methods described in 3.1 for the 6-aminoquinolinium cation, for the 6-aminoquinoline molecule, for the asymmetric unit and for the asymmetric unit surrounded by 750 ESP-derived charges. In all calculations the molecular axis are the same as the crystalline: x = a; y = b; z = c. The charge transfer interaction occurs mainly in the yz molecular plane and the tensor components in the z direction are dominant for the β ijk and γ ijkl tensors. In Table 5 we present the calculated values of the first and second hyperpolarizabilities along the z direction, for the different levels of theory used. The values calculated for the neutral molecule and for the cation show a reasonable consistency for all methods used. However, for the asymmetric unit calculations, it is evident the very large discrepancy between the values obtained with the hybrid functionals (B3LYP, X3LYP and BHHLYP), the GGA functional BLYP, and all the other calculations. Such enormous differences disappear when the ESP-derived charges are included in the calculation.
It is well-known that DFT overestimates molecular charge-transfer properties namely, nonlinear optical properties. This has been investigated thoroughly for conjugated molecular chains [14, 15, 16] . This deficiency is associated with a poor treatment of the electron exchange.
There are some approaches to correct this problem and one of those is the use of a high percentage of HF-exchange [14, 16] . This problem is also addressed by the long-range corrected (LC) functionals. In the LC method, the long-range orbital-orbital interactions are explicitly included in the exchange functional by combining DFT exchange with the HF exchange integral [39] . Contrasting with the density partitioning schemes such as B3LYP or X3LYP, the proportion of nonlocal HF contribution in LC varies according to the range of the interaction. This is done by separating the two-electron operator into short-range and long-range parts by using the standard error function. In this way the ratio of the nonlocal HF part to the local DFT part becomes larger for greater distances.
The performance of the functionals with exact HF exchange (LYP and PW91C) and of the long-range corrected functional (LC-BLYP) seems to Table 5 : Theoretical values of the first and second hyperpolarizabilities (a.u.) along the z direction for the 6-aminoquinoline molecule (6AQ), the 6-aminoquinolinium cation (6AQ + ), the asymmetric unit (6AQ + I − w) and the asymmetric unit surrounded by 750 ESP-derived charges within a radius of 11Å (6AQ + I − w ESP). The calculations were performed for different levels of theory with the 6-311G** basis set for iodine and 6-311++G** for the lighter atoms. be more reasonable, comparing with the hybrid functionals and the GGA functional. The inclusion of the ESP charges seems to remedy also this computational artifact related to the charge overdelocalization between the cation and the anion. Looking at the values calculated for the asymmetric unit surrounded by ESP-derived charges, it is evident a decrease of the hyperpolarizabilities with the increase of the percentage of HF exchange (BLYP: 0%; B3LYP and X3LYP: 20%; BHHLYP: 50%; LYP and PW91C: 100%).
Evans et al. [10] demonstrated the utilization of acid/base proton transfer to enhance the hyperpolarizabilities of the chromophores and our calculations show also an increase of the component β zzz upon protonation. If we consider the interaction between the cations and anions there is a further increase in the molecular NLO properties.
Calculated Macroscopic NLO properties
By the 222-D 2 symmetry and the Kleinman symmetry there is only one non-vanishing independent component of the second-order polarizability tensor for the title compound , i.e., d XY Z , so this point group is not very favorable for SHG applications.
For a material belonging to any orthorhombic group the tensor χ (3) have 21 independent nonzero elements and far from resonance, under the assumption that there is no energy dissipation through the nonlinear process, Kleinman symmetry can be used to reduce the number of independent components to 6: χ iiii (i = x, y, z) and χ (3) iijj (i = x, j = y, z; i = y, j = z). The average Table 6 : Theoretical values of the second and third-order susceptibilities estimated with the oriented gas model with L-L and W-B local-field factors, using microscopic optical properties calculated for several levels of theory. The chromophoric unit considered was the asymmetric unit. 
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Using the calculated microscopic optical properties, the second-and thirdorder susceptibilities of (I) were estimated using the oriented gas model with the Lorentz-Lorentz (L-L) [45] and the Wortmann and Bishop (W-B) [18] local field factors. Regarding the physical nature of the thin films, it was assumed that the material is microcrystalline with the same symmetry as the original single crystals. The presence of SHG signal suggests this. For the calculation of the effective third-order susceptibility, this assumption is not critical since an amorphous material can generate a THG signal. The results of these calculations are presented in Table 6 .
The comparison of the two local-field corrections indicate that the calculations using the Lorenz-Lorentz factors yield generally higher susceptibilities, and the difference is quite large for the calculated χ (3) values. The calculations predict a small value for the second-order susceptibility, but not with the same order of magnitude of the experimental values. This may be explained by the presence of non-crystalline material in the thin film. Nevertheless, since the experimental SHG results are very weak it is difficult to draw any conclusions for the calculations from the comparison of the calculated and experimental χ (2) values. The theoretical values of the third-order susceptibility χ (3) were also estimated using the effective third-order polarizability tensor components γ ef f ijkl obtained by the inclusion of 750 ESP-derived charges within a radius of 11Å of the asymmetric unit, to model the effect of the crystalline environment. These results are presented in Table 7 .
Regarding the second-order nonlinearities, it is interesting to note a relation between the crystal structure and the low SHG results. Zyss and Oudar [59] deduced relations between the macroscopic and molecular second-order optical nonlinearities for the case of a two-dimensional molecular unit. For the point group 222, b XY Z = sin 2Φ cos α(β yxx − β yyy sin 2 α) − β xyy cos 2Φ sin 2α (6) where α is the angle between the molecular plane and the macroscopic axis Y (crystallographic b axis) and Φ is the angle between the molecular plane and the macroscopic X (crystallographic a axis). See figures 1 and 2 on reference [59] for the definition of the macroscopic crystalline and microscopic molecular axis. According to eq. 6, when Φ=90
• and α=0
• the value of b XY Z is zero. In our structure, the cations are almost perfectly parallel to the plane (100), making an angle of 89.45 (5) • with the a axis and 0.03(5)
• with the b axis. The iodide anions closer to the cations are near the plane of the cations and the charge transfer between the ions can be considered as being approximately two-dimensional. We can thus conclude that, although the molecules have a robust optical response, the packing of the chromophoric units in this crystal structure is very unfavorable for SHG. Even a perfect crystallized material would yield very low χ (2) values. Concerning the third-order susceptibility, the calculations predict the correct order of magnitude with the W-B local field factors. The use of the γ tensor values calculated with the functionals B3LYP, X3LYP, BHHLYP and BLYP, in the absence of ESP-derived charges, would lead to third-order susceptibilities two to three orders of magnitude larger than the experimental ones and we don't present this results as they are not physically meaning-ful. Using the summation of the effective third-order polarizability tensor components γ ef f ijkl calculated for the asymmetric unit surrounded by the ESPderived charges, all the third-order susceptibilities are of the same order of magnitude of the experimental.
Conclusions
A new semi-organic compound, 6-aminoquinolinium iodide monohydrate, was synthesized and structurally characterized by single crystal X-ray diffraction. The linear and nonlinear optical properties of this compound were studied with UV-vis absorption and fluorescence spectroscopy, "open-aperture" Z-scan technique and Maker fringes techniques (SHG and THG). The microscopic β and γ tensor components were calculated with the DFT and MP2 methods. The macroscopic susceptibilities of second-and third order were estimated with the oriented gas model in its most general formulation using two different local-field corrections. The calculations using the W-B local-field factors were able to reproduce the correct order of magnitude of the experimental third-order susceptibilities. The third-order susceptibilities obtained by the summation of the effective third-order polarizability tensors calculated for the asymmetric unit surrounded by the ESP-derived charges are also of the same order of magnitude as the experimental.
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